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During embryonic development of the ascidian, the degenerative process of tho 
tail structures of the tadpole larvae takes place rapidly following the tail-growth 
period from the tail-bud stage to the swimming tapole stage. This tail resorbing 
process is generally completed within a considerably short time after initiation of 
metamorphosis. 
According to Oka (1961), when the tail of the tapole was separated from the 
trunk immediately after supplying an electric stimulus to the trunk surface the 
isolated tail fragment could contract actively, but when the tail region was simulat-
ed directly by the same method, tail resorption did not occur. Hirai (1962) demon-
strated that wllen the tadpole was cut into two parts at various positions along its 
anterior-posterior axis and then stimulated artificially by nile blue solution to 
induce metamorphosis, the posterior part including the tail showed no metamorphos-
ing silgs due to the loss of the anterior part including the adhesive papillae. 
Therefore, he decided that the acceptor of the stimulus to metamorphose exists in 
the front region of the brain vesicle including the adhesive papillae. These two 
experimental results may imply that some important factor passes gradually from 
the anterior part including adhesive papillae to the posterior part of the larva. 
Up to now, the two staining techniques based on Gomori's aldehyde-fuchsine 
(AF) method (1950) and Gomori's chrome-haematoxyline-phloxine (CHP) method 
have been mainly applied for detection of the neurosecretory substances. As an 
attempt to find histological evidences of the stimulus propagating system in the tail 
resorption, the present experiment was made by Gomori's AF method modified 
by Dawson (1953). Preliminarily the staining experiment with AF was carried out 
using the larva of Clwlyosoma siboja, and the following results were obtained. In the 
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tadpole soon after hatching, the ectodermal cells around the adhesive papillae, the 
cells constituting the adhesive papillae and mesodermal cells in the anterior region 
of the body cavity were selectively stained with AF. In the larvae soon after 
beginning of tail resorption the me~odermal cells around the base of the noto~t 
were stained with AF, and some of them were observed in migrating process 
into the tunic. As was reported by Hirai (1963), the stage at which potencies 
of metamorphosis appear is so definite in the larvae of Halocynthia roretzi. 
Therefore, the same stainexperiment was repeated in more detail on the larvae of 
Halocynthiu roretzi. The present report deals with the relation between the potencies 
of metamorphosis and the changes of the structures stained. with AF. 
MATERIAL AND ME'rHOD 
The experiments were carried out using the ascidian, Halocynthia roretzi (v. 
Drasche) , which was collected in the vicinity of the Asamushi Marine Biological 
Station, Aom.ori City, in October. The naturally spaw·ned gametes were 
obtained by the method of Hirai and Tsubata (1959). Hirai (1962) showed that 















Fig. l. Process of tail resorption of tadole larva of Halocynthia 1·oretzi which was 
induced by the t reatment with nile blue solut ion ( x 35). 
The photographs were ta.ken serial ly with the same tapole at intervals of 5 minutes. 
a : The control larva which passed for 12 hours after hatching, b: 'l'he larva immediately 
after beginning of tail resorpt ion aJter the treatment, c-g : Showing gradual changes of the 
t runk and tail after t he treatment, h: The larva. after complete t a il resorption. 
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whether tail resorption is induced by the treatment with nile blue solution on the 
larvae at v~uious stages after hahching. 
The present experiment was done applying Hirai 's method to know the 
potencies of metamorphosis. If the larvae possess complete potencies of 
metamorphosis the tail will be resorbed witbjn the trunk after immersion in 20 ml 
of sea water contain.ing 1 .drop of 0.1 per cent nile blue solution. The tail resorp-
t ion was usually completed within 15 to 30 minutes after the nile blue treatment. 
One example is shown in Fig. 1. The photographs were taken with the same tadpole 
at inter vals of five minutes after the nile blue treatment. These larvae developed 
further and completed trunk metamorphosis as normal larvae did. 
The larvae were fixed with Bouin's fluid at the following five stages; (1) 
immediately after, (2) six hours aucl (3) 12 hours after hatching, (4) during the 
course of, and (5) after tai l resorption. After the materials were dehydrated with 
serial alcohol they were embeded in a paraffin block. Sections were macle in the 
tillckness of 5ft and 10,u. The staining technique was performed by Gomori's AF 
method modified by Dawson (1953). The sectioned specimens were fixed again 
with Zenker's solution and then run through Lugol's solution and a thiosulfate solu-
tion. Thereafter, the specimens were treated with the following process, i.e., 
oxidation with a m.ixtme of potassium pennanganate and sulfric acid, decoloriza-
tion in sodimn bisufite solution, staining with a mixture of aldehyde-fuchsine and 
counter-staining with a mixture of fast green, orange G and chromotrope 2H. Then 
they were run quickly from water through gradual alcohols to xylene and mounted 
with balsam. 
OBSERVATIONS 
1. Lm··vae immediately after hatching. As was reported already by Hirai 
(1962), t he tadpoles of this stage could not swim actively and showed no indica-
tions of metamorphosis by the nile blue treatment. In this stage, the notochordal 
cells were arranged in a rectangular shaj)e along the tai l axis, being distinguishable 
from each other. The structures selectively stained with AF were not observed in 
any part of the larvae. 
2. Larvae six hours after hatching. The tadpole larvae of this stage began to 
swim actively. Some of them were able to inititate metamorphosis by treatment 
with the nile blue solut ion. Their metamorphosis occurred slowly and in low 
percentage. The arrangement of the notochordal cells were obscure in the living 
material. The stained structures of t he larvae were similar to that of the 12 
hour's larvae described below. The structures were stained more intensively in 
t he 12th hour's laravae than in the 6th hour's ones. The AF-phile structures or 
cells were, the tips of the adhesive papillae, some kinds of the mesodermal cells in 
the middle of the trunk and arOtmd the visceral ganglion, and the central canal 
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of the spinal cord. The central canal of the spinal cord stained well appearing 
hi] fib 
. ua 
t c { re w1thout a definite structure. This fibre may be supposed as a 
structure homologous to the Reissner's fibre wl1ich is often observed in the spinal 
• 
3.. 
Changes of adhesive papillae stained with AF before and after tail resorption. 
F ig. 2. Adhesive papillae before beginning of tail resorption ( x 450). Papillae are visible 
at the anterior region of the t runk. 
Fig. 3. Adhesive papillae immediately after beginning of tail resorption ( x 450). 
Compare with Fig. 2, t he papillae sinking into the anterior region of the t runk. 
Mesodermal cells stained with AF in the larva immediately before and at beginning of 
tail resorption. 
F ig. 4. Mesodermal cells in the middle part of the trunk of the larva before tail 
resorption ( x 500). Cytoplasm includes a number of granules stained with AF. 
Fig. 5. Mesodermal cells just beneath the epidermis ( x 450). The cells were stained 
intensively with AF at the same region as shown in Fig. 4. 
Fig. 6. Mesodermal cells migrating through t ho epidermis into the t unic at beginning 
of tail resorption ( x 450). The migration takes place usually near the brain vesicle. 
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cord of the vertebrate and amphioxus (Ollson and Wingstrand 1954, Olsson 1955 
and Enami 1956). 
3. La1·vcte 12 houTs c~fter hatching. Up to this stage, all of the larvae could 
swim vigorously in t he culture medium. Some of them adhered to the bottom of 
the culture bowl at the tips of adhesive papillae. The notochordal cells appeared 
as an irregular form in the sectioned specimens which were of rectangular shape in 
the larvae soon after hatching. As mentioned above, the structures stained with AF 
were similar to that of the larvae six hours after hatching. These AF-phile structures 
are shown in Figs. 2- 11. The tips of the papillae were stained intensively (Fig. 2). 
Immediately before tail resorption, the adhesive papi llae which sunk into the anterior 
region of the bg,Cly. were observed as one of the remarkable changes (Fig. 3). Figs. 4 
and 5 show t he mesodermal cells which stained well with AF. They were often 
found in the middle region of the trunk and beneath the ectoderm. The cytoplasm 
of these cells were stained with granular apperance. F ig. 7 shows the selectively 
stained cells in the mesodermal cell mass of the base of the notochord. The cells 
which are probably supposed mesodermal cells attached closely to the end of the 
notochord and they were stained in particular (Fig. 8). As described below, 
mesodermal cells migrating into the tunic were often observed near the brain vesicle 
Mesodermal cells at the base of notochord in the larvae immediately before tail resorp-
tion. 
Fig. 7. Mesodermal cells forming the cell mass at the base of notochord ( x 350). 
Some of them stained with AF. 
Fig. 8. The posterior region of the trunk showing the atrial invagination, the spinal 
cord, the proximal end of the notochord, t he mesodermal cells around the base of notochord 
( x 400). Note that the mesodermal cells stained with AF attached to the proximal end of 
the notochord. 
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9 
Reissner's fibre-like structure in the spinal cord of the larva immediately before tail 
resorption. 
Fig. 9. The R.eissner's fibre-like structure stained intensively with AF in the central 
cana.! of the spinal cord at the proximal part of the tail ( x 500). 
Fig. 10. The R,eissner's fibre-like structure of the spinal cord in the middle part of the 
tail. ( x 350) 
Fig. 11. The Reissner's fibre-like structure of t he distal part of the tail shown as an 
appearance of a series of granules ( x 500). 
(Fig. 6). The Reissner's fibre-like structure in the central canal of the spinal 
cord stained well in the anterior region (Fig. 9). This fibre became gradually 
thin towards the posterior part of the spinal cord (Fig. 10). At the distal end of 
the cord, the fibre transformed into a serial granular appearance (Fig. ll) . 
4. Larvae in the course of tail1·esorption. The mesodermal cells in the middle 
part of the body cavity migrated into the tunic through the epithelium (Fig. 6). 
Shortening in both the notochrodal sheath and the muscle cells was observed at 
the proximal end of the tail (Figs. 12 and 13), whereas the caudal tissues of the 
distal region showed no definite change. At the time of beginning of tail resorption, 
rupture of the proximal end of the notochrodal sheath was one of the marked 
changes (Fig. 12) and the notochrodal inclusions were drawn into the trunk region. 
The AF -phile fibre in the spinal cord became roughened and increased its thick-
ness (Figs. 14 and 15). 
5. Lctrvae after completion of tail res~tion. The mesodermal cells stained with 
AF still remained after completion of tail resorption. The notochrodal cells were 
almost drawn into the trunk region. The notochordal sheath became more thicker 
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Rupture of the proximal end of notochord at beginning of tail resorption. 
Fig. 12. Vertica.l section of t he proximal reg ion of t he tail ( x 350). Thickening of the 
Reissner's fibre-like structure and expulsion of the proximal end of the notochord are 
observed. Compare with larva before beginning of tail resorption in Fig. 8. 
Fig. 13. Horizontal section of t he proximal region of the tail ( x 350). Contraction of 
the muscle cells and thickening of the notochordal sheath st a.ined with AF takes place in 
the proximal region of the tail. 
than that of the earlier stage. The intensity of the sheath which was stained with 
AF increased remarkablely. This may have been caused by the thickening of 
itself. The distal end of the tail sunk into the trunk forming the invagination 
of the peripheral structures of the tail (Figs. 16 and 17). As shown in Fig. 17 after 
completion of tail resorption , no stained structure in the retracted spinal cord was 
observed. 
CONSIDERATION 
Hirai (1962) determined the period in which the potencies of metamorphosis 
of the tapole of Hctlocynthia. 1·oretzi differentiate. According to him, the larvae 
soon after hatching show no resorption of the tai l, though they were treated with 
nile blue solution to induce metamorphosis. The larvae six hours after hatching 
gradually begin to show the metamorphosing potencies in low percentage, and the 
larvae 12 hours after hatching the potencies distinctly. Therefore, he suggested 
that in the larvae of Halocynthia. roretzi the differentiation wh.ich is necessary to 
induce metamorphosis starts from the 6th hour after hatching and it is completed 
by the 12th hour at the latest. 
The present investigation indicated t hat in the larvae immediately after 
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R.eissner's fibre-like structure which is sta.ined with A F in t he spinal cord of the larva 
after beginning of tail resorption 
Fig. 14. Horizotal section of the proximal region of the tail showing roughening of 
the R.eissner fibre-like structure ( x 300). 
F ig. 15. Vertical section of the same specimen as in F ig. 14 ( x 300). The Reissner's 
fibre-like structure somewhat spreads and changes to irregular form . 
hatching no structures were stained with AF. The larvae which passed for six 
hours after hatching became stained with AF similarly to the larvae which 
passed 12 hours, though the latter was stained more intensively than the 
former. The larvae immediately after the onset of tail resorption revealed the 
following changes, such as sinking of the adhesive papillae which stained with 
AF, migration of AF-phile mesodermal cells into the tunic, rupture of the 
proximal end of the notochord, shortening in both t he notochordal sheath which 
stained with AF and the muscle cells, and roughening of the AF-phile fiber 
in the spinal cord. In the larvae after completion of tail resorption, the AF-
positive mesodermal cells still remained, but no AF-phile fiber was observed in 
the retracted spinal cord. And the notochordal sheath was stained intensively and 
contracted vigorously. The results mentioned above seem to indicate some im-
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The lan ra after complete tail resorption. 
Fig. 16. Vert ical section of the larva after complete tail resorption ( x 100). The muscle 
cells and epidermal cells ta.ke the shape of a fan at t he both sides of the notochord. The 
base of t he notochord appears as a pivot of this fan shape. 
Fig. 17. The shortened notochordal sheath stained int~vely with AF ( x 100) . In 
posterior region of the body, characteristic invagination oCthe epidermis is visible. The 
AF-stainable structure disappears from t he retracted spinal cord. 
portant relation with metamorphosis, because the stage of which the structures 
or cells become stained with AF agrees with the stage of being capable to 
differentiate the potencies of metamorphosis which was described by Hirai (1962), 
and also the AF-phile structures are conspicuously changed at the time of onset of 
tail resorption. 
Spinal c01·d. In the central canal of the spinal cord of the amphioxus, Bran-
chiostoma l anceolatum, Olsson and Wigstrand (1954) observed a structure homol-
ogous with the Reissner's fibre of the vertebrate. According to them, the fibre origin-
ates from the infundibular organ and is produced by the neurosecretory cells of 
the indundibular organ. These observations were also confirmed by Enami (1956). 
Thereafter, Olsson (1956) reported that when the amphioxus grew to over 3 mm in 
body-length, OH- and AF-phile secretory substances appear in the infundibul~r 
organ and at the same time the fibre is clearly visible by selectively stained with 
these dyes. The Reissner's fibre has been generally observed in the vertebrate but 
its function remained understood indefinitely. In the present observations, t he 
Reissrier 's fibre-like structure could be stained with AF and was found in the 
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tadpole larvae which p~ssed over six hours after hatching. After tail resorption, 
this fibre was not detected in the remaining part of the spinal cord. Therefore, it 
was supposed that there is a close relation between the AF-phile substances and 
metamorphosis because the Reissner's fibre-like structure appears temporarily in 
the metamorphosing tadpole. 
Notochordal sheath. Recently, electron microscopic observations by the authors 
(1963) revealed that the contraction of the tail muscle is able to shorten by about 
40 percent of the length of the sarcomere. And it was considered that the muscle 
contraction alone may not be sufficient to cause complete tail resorption and that 
some other force is necessary. In the present results, it was also noted that the 
period in which the notochrodal sheath becomes stained with AF starts from the 
time shortly before the beginning of tail resorption, and that the shnmk sheath is 
stained remarkably with AF. These facts may imply that the AF-phile 
substances influence the shrinkage of the notochordal sheath. On the other hand, 
the present morphological figmes obtained from the larvae at the beginning of and 
after tail resorption might infer that the active shrinkage of the notochordal sheath 
induces the muscle cells and epidermal cells to retract. As the result, in the 
larvae after complete tail resorption, characteristic invagination takes place in 
the posterior region of the tail. The original axises of the muscle cells and of 
the epidermal cells are oriented taking the shape of a fan respectively. The 
pivot of the fan shape appears near the ruptured end of the notochord. These 
morphological patterns may indicate that the shrinkage of the notochordal 
sheath is one of the important factors on tail resorption, though Cloney (1961, 
1963) emphasized that the epidermis is essential to withdrawal of the tail. 
Mesod&rmal cells. Some kind of mesodermal cells are AF-phile and they 
migrate into the tunic at the beginning of tail resorption. The other kind of 
mesodermal cells is also AF-phile and they aggregate around the proximal end 
of the notochord and visceral ganglion. They might be related to cause the rupture 
of the end of the notochordal sheath at the beginning of tail resorption. Recently, 
the authors obtained direct evidence for the existence of the mesodermal cells includ-
ing hydrolytic enzymes (such as catheptic protease, acid phosphatase and uricase) 
in the same position as the AF-phile mesodermal cells. At another occasion, 
these experimental details will be reported elsewhere. 
The authors take pleasure in dedicating this paper to the memories of Prof. 
T. Sato who will retire from the Biological Institute, Nagoya University. The 
authors are deeply indebted to him for his valuable suggestions and encouragement. 
The authors also deeply grateful to the many appreciate and extend their gratitude 
to Prof. M. Sugiyama, the Director of the Sugashima Marine Biological 
Station, and Dr. S. Takeuchi, the Biological Institute, Nagoya University, for 
their kind suggestions. 
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SUMMARY 
Before and after tail resorption of the tadpole larvae of Halocynthia roretzi (v. 
Drasche), the changes of the structmes stainable with G~mori's aldehyde-fuchsine 
(AF) method modified by Dawson (1953) were studied. 
l. In the larvae immediately after hatching, no selective stain with AF on the 
structures or cells was observed. 
2. In the larvae six hours and 12 hours after hatching, the structures or cells 
such as the tips of the adhesive papillae, some kinds of mesodermal cells in the 
middle and the posterior regions of the trunk were stained. The fibrous or· 
serial granular structure in the central canal of the spinal cord was found positive 
by AF. This fibrous structure is homologous with the Reissner's fibre generally 
found in the vertebrate and amphioxus. These AF-phile structures were stained 
more intensively in the 12th hour's larvae after hatching than in the 6th hour's ones. 
3. At the beginnil;1g and during the course of tail resorption, the remarkable 
changes of the AF-stainable structures or cells were; (1) The adhesive papillae sunk 
into the anterior region of the trunk. (2) The mesodermal cells in the middle part 
of the trunk migrated into the tlmic. (3) The anterior end of the notochordal sheath, 
where the mesodermal cells aggregated, ruptured. (4) The muscle cells and (5) the 
notochordal sheath of the proximal region of the tail shrunk. (6) The Reissner's 
fibre-lilce structure disappeared from the retracted spinal cord. The shortened 
notochordal sheath was int~ively stained with AF. 
5. From these results, it may be supposed that the structures stained with AF 
are related with the metamorphosis, in accordance with that the AF-stainable struc-
tures are considerably changed at the onset of metamorphosis and that the time 
when the structures become stained with AF coincides with the time when the 
potencies of metamorphosis are differentiated in the larvae. 
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